With the increase in fertility problems and delayed childbearing, demand for infertility treatments has been rising. Today, in-vitro fertilization (IVF) is the most successful infertility treatment but access to IVF is uneven due to its high costs and personal and religious attitudes. To meet rising demand for infertility treatments many markets saw an increased entry of infertility clinics. This study examines the relationship between competitive pressures and access to IVF in the United States by single women. We use US data from 1995 and 2014 to show that competitive pressures improve access to infertility treatments for single women across markets and over time. Overall, this study finds that competition among IVF clinics has a beneficial effect on access to IVF.
Introduction
About 11 percent of American women between 15 and 44 years of age have difficulty getting pregnant or carrying a pregnancy to term (CDC). Today, over 1 percent of all infants born in the United States every year are conceived using assisted reproductive technologies (ART) such as in-vitro fertilization (IVF). Since IVF became available in the United States for those households that are having difficulties conceiving naturally, the procedure has drawn attention for allowing women who previously would not have been able to reproduce to have biological children. The American Society for Reproductive Medicine states unequivocally that all assisted reproduction requests should be treated equally and should not be discriminated by a person's marital or partner status:
Unmarried persons and gays and lesbians have interests in having and rearing children. There is no persuasive evidence that children raised by single parents or by gays and lesbians are harmed or disadvantaged by that fact alone. Programs should treat all requests for assisted reproduction equally without regard to marital status or sexual orientation [1] . Despite this nonbinding position statement, IVF clinics in the United States do not always provide equal access to all women. While data concerning access of gay and lesbian minorities is not available, CDC does collect data on access to IVF by single women. This study examines the role of competitive pressures in improving unmarried women's access to IVF across markets and over time as more IVF clinics enter the markets.
Economic theory defines discrimination as the offering of different opportunities to similar individuals who differ only by personal characteristics such as race, gender, marital status, etc. It also predicts that mounting competitive pressures should eliminate discrimination since business owners who care only about profits are at an advantage when competing against those who also care about discrimination. As a result, clinics that do not discriminate tend to replace those that do. In this way, competitive pressures have a natural remedy for discrimination. Although previous literature does not exist on discrimination in IVF markets, there is an extensive literature on the relationship between competition and access to medical care. Overall, the evidence is mixed. On one hand, hospital consolidation that leads to more concentrated markets was found to decrease access to reproductive services [2] while on the other hand less profitable services may not be available in more competitive markets especially in for-profit hospitals [3] . Similarly, the effect of competition among hospitals on access to hospital care for uninsured patients is unclear. In some studies hospitals decrease charity care in competitive settings while other studies find no effect or worth outcomes for uninsured patients in concentrated markets [4] [5] . For example, Lee et al. (2016) find that when the uninsured Hirschman-Herfindahl Index (HHI) increased by 0.01, the uninsured were 593% more likely to be transferred to another hospital. The study finds that when hospitals dominate the market, they tend to "expel" uninsured patients to other hospitals ( [5] , p. 1). Cho et al. (2016) find that as competition increases the continuity of care for children with ambulatory care-sensitive conditions also increases [6] .
This study contributes to previous literature on several fronts. First, we calculate the Herfindahl-Hirschman Index (HHI) to measure market competition across Metropolitan Statistical Areas (MSAs) in the United States. Second, we estimate the effect of competitive pressures on access for single women in 1995 (the first nationally representative data set that was made available by CDC) across markets and the effect of competitive pressures over time, between 1995 and 2014 (the latest year of data that is available). Finally, we collect data on declared religious and political beliefs within each MSA and their effect on access to infertility treatments by marital status.
Methods

Data
We use the 1995 ART Fertility Clinic Success Rates Report. The data is publicly available from Center of Disease Control and Prevention (CDC). The unit of analysis is a clinic performing ART (no patient level data is available). Clinic-level data was collected on 43,701 ART cycles at 263 reporting clinics in the United States during 1995. By 2014 the number of ART cycles had grown to 208,786 cycles at 460 clinics.
We use ART Fertility Clinic Success Rates Report data to construct the following variables: number of IVF cycles performed by a clinic and whether a clinic works with single women. Market area characteristics came from publicly available state and MSA-level data. The Religious sentiment variable is based on the survey by the Association of Statisticians of American Religious Bodies (ASARB) that collects data on the number of adherents for 236 religious groups in each county and MSA of the United States. The variable captures the number of adherents for any religious congregation within MSA per 1000 population.
The total population at the MSA-level along with the percentage of educated populous variable is based on the current population reports from the United States Census [7] - [9] . This data is collected at the state level and captures percent of the population whose educational attainment is, at minimum, a bachelor's degree. MSAlevel income per household data is attained from the National Center for Education Statistics [10] .
The political sentiment variable was calculated using data from the American Presidency Project at the University of California, Santa Barbara [11] . The mean and standard deviation of the percentage of the population which voted Republican was taken in the 1996 and 2012 presidential elections. These values were then used to gauge how conservative the state voted in the aforementioned elections.
Competition Index
We use Herfindahl-Hirschman Index (HHI) to measure market competition. The index is constructed based on total non-donor fresh IVF cycles performed for each clinic. Increases in the Herfindahl index generally indicate a decrease in competition and an increase of market power, whereas decreases indicate the opposite. The index can vary from zero (perfect competition) to 10,000 (monopoly). We use the metropolitan statistical area (MSA) as the relevant market for infertility clinics in our sample.
Statistical Analysis
To test the effect of HHI on access to infertility treatments, two empirical models are used. First, we estimate the effect of HHI on access in 1995 and 2014 using the following probit model: Finally, we reduce our sample just to clinics that did not offer IVF to single women in 1995 and examine characteristics of these clinics in 2014. Specifically, we are interested in whether clinics that started offering IVF to single women faced higher competitive pressures relative to clinics that still do not offer IVF to this population. Due to low sample size, we only use t-tests to gage significance in differences. Probit estimates in Table 2 show that both competitive pressures and religious sentiment were important factors driving access to IVF for single women. As HHI increases (i.e. as markets become less competitive) access declines. This result is consistent with economic theory that predicts competition to drive discrimination out of the market. Also, larger clinics provide better access; result is significant at p < 0.11.
Results
Descriptive Statistics
Empirical Results
Since most clinics worked with single women in 2014, probit estimates for HHI are not significant for that year alone (results table is available upon request).
In Table 3 we show factors that affect changes in the number of clinics that provide IVF services to single women.
Results above show that markets that saw larger changes in the number of clinics providing access to IVF also saw greater increases in competition. The markets also saw greater population growth and changes towards larger clinics that conduct more IVF cycles. Finally, we reduce our sample to just 16 clinics that did not provide IVF to single women and still operated in 2014. Of these 16 clinics only 2 still did not accept single women in 2014.
Results in Table 4 show that clinics that started offering IVF to single women between 1995 and 2014 saw higher changes in HHI and thus faced higher competitive pressures than clinics that still denied access to IVF for single women. These differences were not statistically significant. One-tail t-test was only statistically significant for the education variable: clinics that started offering IVF to single women were located in areas that saw higher changes in proportion of the population earning their college degrees (p < 0.0583).
Discussion
Conclusion and Policy Implications
Results of this study are consistent with prevailing economic theory and previous literature on competition: competitive pressures can decrease discrimination and improve access [2] [6]. For example, empirical estimates show that access to infertility services for single women has greatly improved over time. Competitive pressures contributed significantly to this improvement. Nevertheless, even in 2014 data we see uneven access in some areas. While entry has enhanced access for many single women who want to pursue infertility treatments, some markets will remain concentrated due to lower population density and may be defined as natural monopolies with one clinic being able to provide IVF services to the entire market area. In such markets access barriers may persist. Also, competitive markets can only solve discrimination when it comes from producers. When customers discriminate, e.g. households prefer to be treated in clinics that do not serve single women or gay households, the access will remain limited.
Limitations of the Study and Avenues for Future Research
An important limitation of this study is the absence of data on access to IVF treatments by gay and lesbian households. Thus, we are not able to separate discrimination based on marital status from discrimination based on sexual preference. Note that until 2003 when the Massachusetts Supreme Judicial court legalized gay marriage, it was illegal in all fifty states. Also, while attitudes towards single motherhood did not change significantly since 1995, attitudes towards the gay and lesbian community have changed [12] and may have contributed greatly to better access for all unmarried women that we see in the data. Finally, gay marriage was legalized in 2015 and became law in all states. On one hand, this change may improve access for lesbian women who were not able to marry in the past and enhance access in areas where barriers for married women existed to prevent access to infertility services for that group. On the other hand, the gay community may still face barriers to infertility treatments even after legalization of gay marriage. Examining the effect of the legalization of samesex marriage on access to medical care and infertility treatments in particular is an important avenue for future research.
